Abstract. Sepsis is a systemic inflammatory response syndrome, which is mostly induced by infection in the lungs, the abdomen and the urinary tract. The present study is aimed to investigate the mechanisms of sepsis. Expression profile of E-MTAB-4421 (including leukocytes isolated from 207 survived and 58 non-survived patients with sepsis) and E-MTAB-4451 (including leukocytes isolated from 56 survived and 50 non-survived patients with sepsis) were downloaded from the European Bioinformatics Institute database. Based on the E-MTAB-4421 expression profile, several differentially expressed genes (DEGs) were identified and performed with hierarchical clustering analysis by the limma and pheatmap packages in R. Using the BioGRID database and Cytoscape software, a protein-protein interaction (PPI) network was constructed for the DEGs. Furthermore, module division and module annotation separately were conducted by the Mcode and BiNGO plugins in Cytoscape software. Additionally, the support vector machine (SVM) classifier was constructed by the SVM function of e1071 package in R, and then verified using the dataset of E-MTAB-4451. A total of 384 DEGs were screened in the survival group. The PPI network was divided into 4 modules (modules A, B, C and D) involving 11 DEGs including microtubule-associated protein 1 light chain 3 alpha (MAP1LC3A), protein kinase C-alpha (PRKCA), metastasis associated 1 family member 3 (MTA3), and scribbled planar cell polarity protein (SCRIB). SCRIB and PRKCA in module B, as well as MAP1LC3A and MTA3 in module D, might function in sepsis through PPIs. Functional enrichment demonstrated that MAP1LC3A in module D was enriched in autophagy vacuole assembly. Finally, the SVM classifier could correctly and effectively identify the samples in E-MTAB-4451. In conclusion, DEGs such as MAP1LC3A, PRKCA, MTA3 and SCRIB may be implicated in the progression of sepsis, and need further and more thorough confirmation.
Introduction
As a systemic inflammatory response syndrome (SIRS) induced by infection, sepsis is a life-threatening disease (1) . The most common symptoms of sepsis are fever, confusion, and increased breathing and heart rate (2) . Sepsis is usually caused by infection in the abdomen, the urinary tract and the lungs (3). Globally, sepsis accounts for a high mortality every year and results in the highest mortality in hospitals (4) . Worldwide, the estimated incidence of sepsis is 18 million cases each year (5) . In the United States, sepsis impacts ~3 in 1,000 people (6) . In addition, severe sepsis results in >200,000 mortality incidences each year (7) . Therefore, exploring the mechanisms of sepsis and developing novel therapies are necessary.
Callahan and Supinski demonstrated that downregulation of genes encoding important glycolytic and electron transport proteins help the development and maintenance of abnormalities in cellular energy metabolism in patients with sepsis (8) . Nuclear factor-erythroid 2-related factor 2, a leucine zipper transcription factor that mediates stress response and redox balance, determines survival of sepsis patients through mounting a proper innate immune response (9, 10) . Hypoxia-inducible factor 1α (HIF-1α) in hypoxic and inflamed areas can release T cells that contribute to anti-bacterial response; thus, HIF-1α in T cells may be used for therapeutic anti-pathogen strategies (11, 12) . Several studies have reported that breast cancer 1, an important regulator of cell survival and DNA damage repair, can serve as therapeutic target for decreasing multiple-organ failure, systemic inflammation, and mortality in experimental sepsis (13) (14) (15) . Sepsis and endotoxemia can cause declining B-cell CLL/lymphoma 2 (Bcl-2) levels in lymphocytes, and overexpression of lymphocyte Bcl-2 has been proved to improve sepsis survival (16, 17 (18) was approved by national ethics committees and locally individual participating centers. In addition, the patients (aged >18 years) with sepsis caused by community-acquired pneumonia provided informed consent forms.
DEG screening. Probes corresponded to gene symbols were based on the annotation platform of Illumina HumanHT-12_ V4. In addition, unloaded probes were filtered out. Gene expression value was obtained by calculating the mean value of the probes corresponded to the gene. Based on E-MTAB-4421, the DEGs between the survival group and the non-survival group were analyzed by the linear models for microarray data using R (limma package; www.r-project. org/) (19) . Genes with |logFC|>1 and P<0.05 were considered as DEGs. Using the Pheatmap package (cran.r-project.org/ web/packages/pheatmap/index.html) (20) in R, hierarchical clustering analysis was conducted for the DEGs.
PPI network analysis. The Biological General Repository for Interaction Datasets database (BioGRID, version BIOGRID-ORGANISM-3.4.135; www.thebiogrid.org) (21) which includes genetic and physical interactions, was utilized to map the identified DEGs into the human PPI network. Additionally, the non-DEGs which interacted with ≥10 DEGs were also expanded into PPI network. The complete PPI network was constructed by the Cytoscape software (version 2.8; www.cytoscape.org) (22) . In the PPI network, nodes and edges separately represented proteins and their interactions. Furthermore, the degree of a node was equal to the number of edges linked with it. Additionally, the Mcode (threshold: The degree of each node in module >2) (23) and
BiNGO plugins (threshold, adjusted P<0.05) (24) in the Cytoscape software were applied to perform module division and module annotation, respectively.
SVM classifier construction.
Based on statistical theory, SVMs are effective classifiers, which can be applied in two-class classification problems of gene expression profiles and achieve high classification accuracy (25) . Based on the expression values of key genes in the identified modules, the SVM function of e1071 package (version 1.6-7; cran.r-project.org/web/packages/e1071/index.html) (26) in R was used to confirm whether the key genes could distinguish between the two groups of samples (parameter: Gamma=0.45, cost=5 and cross=10).
Verification and assessment of the efficiency of SVM classifier.
To verify the SVM classifier, the expression values of the key genes were extracted from E-MTAB-4451. In addition, the efficiency of SVM classifier was assessed by the sensitivity, specificity, and positive-(PPV) and negative predictive values (NPV) and the area under receiver operating characteristic curve (AUROC).
Results

DEGs analysis.
Compared with the non-survival group, there were 384 DEGs in the survival group. Among these DEGs, 153 genes were significantly upregulated and 231 genes were significantly downregulated (Fig. 1) . The top 10 DEGs with the smallest P-values are listed in Table I . Additionally, the heatmap of hierarchical clustering illustrated that the DEGs could distinguish the two groups of samples (Fig. 1) .
PPI network analysis. A PPI network was constructed for the DEGs, which had 148 nodes and 305 interactions (Fig. 2) . Based on the Mcode plugin, the PPI network was divided into 4 modules (module A, B, C and D; Fig. 3 ). A total of 11 DEGs [including microtubule-associated protein 1 light chain 3 alpha (MAP1LC3A), protein kinase C-alpha (PRKCA), metastasis associated 1 family member 3 (MTA3), and scribbled planar cell polarity protein (SCRIB)] were involved in the 4 modules, and almost all of them were among the top 21 in the PPI network according to degree rank (Table II) Table III ). Fig. 4B ). Additionally, the efficiency of SVM classifier was high according to sensitivity, specificity, PPV, NPV and AUROC curve (Table IV and Fig. 5 ).
Discussion
In this study, a total of 384 DEGs (including 153 upregulated and 231 downregulated genes) were screened in the survival group. The PPI network constructed for the DEGs was divided into 4 modules, and they involved 11 DEGs (including MAP1LC3A, PRKCA, MTA3 and SCRIB). Additionally, a SVM classifier was constructed to investigate whether these 11 DEGs could distinguish between the two groups of samples, confirming that it could well recognize the survival from the non-survival samples with an overall accuracy of 96.6%. Subsequently, the expression profile of E-MTAB-4451 was applied to verify the SVM classifier. The results illustrated that the SVM classifier could effectively identify the 53 survival and the 43 non-survival samples with an overall accuracy of 90.57%. SCRIB, which is overexpressed in endothelial cells and is essential for planar cell polarity and serves as a novel proinflammatory regulator in endothelial cells (27) . Altman and Kong (28) demonstrated that protein kinase C proteins (PKCs) serve essential roles in human immune disorders, and can be used as therapeutic targets in several immune disorders including autoimmune diseases. For instance, PRKCA is the nonredundant and physiological PKC isotype in signaling pathways that are required for T cell-dependent interferon-γ production and IgG2a/2b antibody responses (29) . Deficiency of PRKCB leads to defective B cell responses since B cells with PRKCB deficiency cannot activate the nuclear factor (NF)-κB signaling pathway for B cell receptor (BCR), indicating that PRKCB has a critical role in BCR survival and may act as an important target for the treatment of B-lineage malignancies (30) . In module B, SCRIB and PRKCA could interact with each other, indicating that they might hold roles in the progression of sepsis through this interaction.
The results of functional enrichment indicated that MAP1LC3A in module D was enriched in the autophagic vacuole assembly. Deficiency of autophagy-associated protein MAP1LC3B regulates the development of interleukin (IL)-17a-dependent lung pathology in the process of respiratory viral infection through endoplasmic reticulum stress-associated IL-1 (31). MTA3 is involved in the B lymphocyte transcriptional program and is a component in the Mi2/nucleosome remodeling and deacetylase (Mi2/NuRD) transcriptional corepressor complex (32, 33) . In B cells, the complex can interact with the middle domain of Bcl-6 via MTA3 and negatively regulate several genes, including PR domain containing 1 with zinc finger domain through histone deacetylation activity (34, 35) . Exogenous expression of MTA3-dependent Bcl-6 in a plasma cell line results in reprogramming of cell fate, reactivation of the transcriptional program of B cell, suppression of the transcripts that are specific in plasma cells, and expression of surface markers of B lymphocyte cells (35) . In module D, MAP1LC3A and MTA3 had interaction with each other, suggesting that MAP1LC3A and MTA3 might also function in the pathogenesis of sepsis via interaction.
In conclusion, based on the bioinformatics analysis of E-MTAB-4421, 384 DEGs were identified in the survival group. In addition, MAP1LC3A, PRKCA, MTA3 and SCRIB might act in the progression of sepsis. However, further experimental investigation is required for these predictive results.
